Introduction
The term exotica labels states which have an identical number of quarks and antiquarks, but defy an ordinary meson classification. Many exotic states in the charm sector with cc content have been discovered by Belle and others, see [1, 2] and references therein. While there are most likely many more which are yet unknown, all of them should also reflect in the bb sector, according to heavy quark symmetry. The non-discovery of the respective bb partners of the charmonium-like exotica would be even more enigmatic. Indeed, there exist three candidates up to date, namely the states labeled Y b (10890), Z b (10610) and Z b (10650), observed by Belle [3] . The scarceness of the discovered bb states, compared to the charm ones, is mostly owed to the current status of experimental data; the charm sector can be probed by the e + e − machines not only directly, but also through B meson decays and initial state radiation. The bottom sector on the other hand is relying on direct measurements, most of which have been tuned to the center-of-mass energy of the masses of ϒ(4S) and ϒ(5S). The dataset for the latter has roughly one order of magnitude smaller statistics than the former. Notably, all three exotic bb candidates have firstly been discovered in that sample. This is not surprising, since exotica lie generically above the open heavy quark thresholds due to their multiquark nature. A list of the observed exotica is given in Table 1 .
Models to accommodate the exotica have been proposed over the last decades. The molecular interpretation (dimeson states bound similar to nuclei) [4, 5, 6 ] is favored for some states, while the tetraquark interpretation (four quark states which are genuinely bound by gluons) [7, 8, 9] is favored for others. Hybrids [10] (quarks plus glueballs) play a slightly minor role in the current discussion, but are also studied in this context. However, a consistent picture is missing. None of the present models can explain all states simultaneously, while in addition more predicted states are missing than are discovered in either ansatz. The status in the charm sector is sketched in Figure 1 . For the molecular interpretation, it is not clear, which combination of mesons should bind; there is currently no deeper understanding, why some states are observed (like for example the X c (3872), 
10, 890 ± 3 55 The theory estimates are given for the molecules as an illustrative naive combination of mesons (thin, green lines), where the masses are taken from the PDG [14] . The tetraquark estimates are taken from [11, 12] based on the relativistic quark model (blue) and from [7, 13] based on the constituent quark model (purple).
which is a candidate for a D 0D0 bound state), while a plethora of different possible combinations is absent. On the other hand, the tetraquark picture is incomplete, since reliable calculations for the masses are missing. The calculations in the relativistic quark model [11, 12] are not in good agreement with constituent model estimates [13, 7] . In addition, neither of the two approaches have good overall agreement with the experiment.
For a theoretical interpretation of the data it is insufficient to rely on the mass estimates only. Hopefully the lattice will provide unbiased input for the masses and fuel the discussion eventually. Phenomenologically, however, one needs to study further characteristics, such as decay patterns. But it is also imperative to find relations among the different states to test an underlying model on a broad basis. The heavy quark symmetry should hold to some extent. We discuss one important puzzle and point out a possible relation between patterns in both heavy quark sectors. It is argued that the states Y c (4260) and Y b (10890), as well as the states Z c (3900) and Z b (10610, 10650), might be heavy quark partners.
Y b (10890)
The potential exotic state Y b (10890) with J PC = 1 −− was first observed by the Belle collaboration [15, 16] and remains to be confirmed by independent experiments. The anomalously large production cross sections for e + e − → ϒ(1S, 2S, 3S)π + π − measured at ϒ(5S) did not agree well with the lineshape and production rates for the conventional bb state ϒ(5S). Ordinary ϒ(nS) decays are well-described by the multipole expansion [17] , which involves coupling to two gluons and are hence Zweig forbidden and do not show any significant resonant structure. Compared to the ordinary ϒ(nS) → ϒ(mS)π + π − , m < n decays, the derived partial width at ϒ(5S) is out of line by two orders of magnitude. In addition, a distinct resonant structure is observed in the invariant mass spectra. Currently two theoretical explanations are competing; the tetraquark interpretation on the one hand [18, 19] and the rescattering model [20] on the other. The former can explain the enhancement and the resonant structure via Zweig allowed decays and coupling to intermediate resonances, while the latter is relying on the decay ϒ(5S) → B ( * )B( * ) and a subsequent recombination of the B mesons.
Z b (10610) and Z b (10650)
Belle [3] reported the measurement of the π ± ϒ(nS)(n = 1, 2, 3) and π ± h b (mP)(m = 1, 2) invariant mass spectra from the data taken near the peak of the ϒ(5S) resonance in the processes e + e − → ϒ(nS)π + π − and e + e − → h b (mP)π + π − , in which two charged bottomonium-like states Z 
Due to the proximity of the Z b and Z b masses with the BB * and B * B * thresholds [21] , it has been proposed that the former could be realized as S-wave BB * and B * B * molecular states, respectively [22, 23, 24, 25, 26, 27, 28] . In this scenario, the heavy quark spin structure of the Z b and Z b is expected to mimic that of the corresponding meson pairs, which is given in a non-relativistic notation by There is a small caveat, since the masses of the states lie above their respective thresholds by about 2 MeV. If consolidated by more precise experiments, this feature may become a serious problem in this approach, as a one-pion exchange potential, which would produce such a bound state, does not support an S-wave BB * resonance above threshold in an effective field theory [29] . Also, the measured total decay widths appear much too large compared to the naively expected ones for loosely bound states, and this suggests that both Z b states are compact hadrons.
In our previous work [30] , we calculated the Z b masses in the tetraquark model based on an effective Hamiltonian approach. The agreement with the experimental masses is not particularly good. However, we showed in [31] that by including meson loop contributions and mixing between the heavier and the lighter Z b states, the measured masses can in principle be obtained in parts of the parameter space (depending on the coupling to the dimeson channels).
A more striking pattern emerges based on the heavy quark spin symmetry. There is an analogous expression to the decomposition in (3.2) for the tetraquark states where square brackets denote the composite diquarks, see [30] for details. Performing a Fierz transformation, the flavor and spin content in the bq ⊗ qb product space can be made explicit:
The labels 0 bq and 1 bq in Eq. 
Y c (4260)
The state Y c (4260) was first observed by BaBar [33] in the final state J/ψπ + π − . The direct production in e + e − annihilation indicates J PC = 1 −− quantum numbers. There are some striking similarities between the two exotic states Y b (10890) and Y c (4260). They not only have the same quantum numbers, but are furthermore observed in the identical process Hπ + π − , in which H labels a quarkonium QQ state with J PC = 1 −− , with Q being either a c or a b quark (namely H is a member of the J/ψ or ϒ family). A naive mass estimate, starting from our constituent quark model estimate for Y b (10890) [30] is obtained by subtracting twice the difference of the constituent quark masses m b − m c ≈ 3333 MeV:
The estimate is only off by about 30 MeV. However, this feature has to be taken with some caution, since the use of heavy quark symmetry in providing reliable mass estimates in multiquark systems remains to be quantitatively tested. 
Z c (3900)
Indeed in the proposed decay, BESIII observed a state with identical quantum numbers compared to the Z b states in spring 2013 [2] , namely the Z c (3900). Several aspects are, however, peculiar in that observation. Only one state was found, of which the mass is moreover roughly 4σ above the corresponding DD ( * ) threshold; a finding which is hard to explain in terms of hadronic molecules. But there are some aspects which facilitate the tetraquark interpretation [34] . To promote the endeavor of understanding the heavy exotic states, the exploration of the bottom sector is important. Not only new states are waiting to be discovered, but also the existence of Y b (10890) needs to be established or refuted.
Prospects for the bottom sector
To achieve this intermediate goal, several opportunities arise, which are outlined in the following, one of which has been proposed in [19] . Based on the tetraquark model, we developed the formalism for the processes
where PP stands for the pseudoscalar-meson pairs π + π − , K + K − and ηπ 0 . With this formalism, we analyzed the invariant-mass M PP and the cos θ spectra, where θ is the angle between the momenta of Y b and P in the PP rest frame. The resulting correlations among σ ϒ(1S)π + π − , σ ϒ(1S)K + K − and σ ϒ(1S)ηπ 0 are worked out. Constraining these correlations using the existing data on the first two processes, we predict σ ϒ(1S)ηπ 0 /σ ϒ(1S)π + π − . We also predict σ ϒ(1S)
with Q [bu] = 1/3 and Q [bd] = −2/3 being the effective electric charges for the constituent diquarks of the flavor eigenstates. The predicted spectra in Figure 3 show a distinct resonant behavior and are clearly distinguishable from models like the multipole expansion. We hope, that Belle can improve their current analysis and provide sufficient statistics to show the predicted spectra.
Another way to scrutinize Y b (10890) is via hadroproduction. Finally, the bottom exotica should show in hadronic processes for which X c (3872), measured by CDF [35] , is a good example. To distinguish the rescattering model from the tetraquark explanation, discussed in Sec. 2, the decay characteristics of ϒ(6S) need to be measured. In the former, the partial width for the ϒ(5S, 6S) → ϒ(1S, 2S, 3S)π + π − decays are predicted to be roughly of the same order [20] . The (non-)observation of such a pattern will finally refute (or confirm) one of the few exotic candidates in the bottom sector. The theoretical work, based on NRQCD, to enable the experimental analysis is currently in preparation [36] .
Conclusion
The theoretical interpretation to the exotic spectroscopy is inconclusive and a big picture to accommodate all exotic states is missing. A simultaneous explanation of more than just a few states poses a hurdle for all models currently discussed. However, eventually consistent patterns need to emerge and be explained, of which one, pictured in Figure 2 , was discussed here. The completion of the list of bottom exotica, but also a confirmation of Y b (10890), discussed in Sec. 6, will be a major step in the direction of testing the models and provide theorists with vital input to present a credible explanation of this new form of QCD.
